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INTRODUCTION 

This repor t  descr ibes  the  progress and i n  some cases t h e  f i n a l  products 

of t h e  research supported by t h i s g r a n t  over t he  last  s ix  months. 

continued t o  maintain our broad s c i e n t i f i c  base a t  UTD and several publica- 

t ions  have resu l ted  from our e f f o r t s  t h i s  year. The s tud ie s  described here  

have provided new ins igh t s  i n t o  fu tu re  space f l i g h t  instrumentation as w e l l  

as t o  poss ib le  development of new instrumentation stimulated by our theo re t i ca l  

work. 

W e  have 

This grant  ensures t h a t  UTD w i l l  continue to  respond t o  t h e  needs of 

t he  United States space program and t o  make invaluable  contr ibut ions to  its 

product ivi ty  beyond t h a t  supported on a pro jec t  bas i s .  

-1- 
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SATELLITE INSTRUMENT DIFFICTJLTIES 

A. Spacecraft Contamination 

W.B. Hanson 

During t h i s  grant  period w e  have undertaken an extensive study of contam- 

inent  ions observed on the  Atmosphere Explorer satellites. 

was t o  descr ibe  the cha rac t e r i s t i c s  of t he  contaminant ions t h a t  are l ibe ra t ed  

from the  spacecraf t  surfaces  by the  impact  of neu t r a l  p a r t i c l e s  and perhaps the  

ambient ions.  The following paper descr ibes  these cha a c t e r i s t i c s  i n  more 

d e t a i l  and has been submitted f o r  publ icat ion i n  the Journal of Geophysical 

Research: "Ion Sputtering from Satellite Surfaces .'I 

Our f i r s t  ob jec t ive  

4 
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B. Spacecraft Plasma In te rac t ions  

The exis tence of two m e t e r  i r r e g u l a r i t i e s  i n  t h e  ion  f l u x  observed by 

the  RPA's on Atmosphere Explorer C and D have been invest igated with the  goal  

of deciding whether they w e r e  a na tu ra l  o r  spacecraf t  induced phenomena. A 

number of p o s s i b i l i t i e s  arise i f  they are i n  f a c t  a product of a spacecraf t  

plasma in t e rac t ion  and these have been explored theo re t i ca l ly .  

paper descr ibes  t h e  cha rac t e r i s t i c s  of t he  observed i r r e g u l a r i t i e s  and t h e  

development of t heo re t i ca l  arguments f o r  a spacecraf t  plasma in t e rac t ion .  It 

has been submitted t o  the  Journal of Geophysical Research: "The Case of the 

Noisy Derivatives -Evidence f o r  a Spacecraft-Plasma Interact ion."  

The following 
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STRATOSPHERIC ION COMPOSITION 

J .H.  Hoffman 

A balloon program designed t o  measure both pos i t i ve ly  and negatively 

charged ion  species  i n  the  s t ra tosphere  has been i n i t i a t e d .  An instrument 

design has been created tha t  cons is t s  of two i d e n t i c a l  magnetic sector- 

f i e l d  mass spectrometers, one t o  measure pos i t i ve  species  and the  other  

t o  measure negative species.  

The instrument package consists of a hermetical ly  sea led  gondola 

containing t h e  mass spectrometers,  cryopumps, i on  pumps, e lec t ron ic s ,  

telemeter and instrument b a t t e r y  pack as shown schematically in Figure 1. 

The f l i g h t  support  package cons is t ing  of t he  t racking  beacon, command re- 

ceiver, b a t t e r y  and parachute and bal loon are at tached t o  t h e  gondola via 

a long lanyard and interconnected by a cable  t h a t  passes  through a hermetic 

connector i n  t h e  gondola. 

e n t i r e  f l i g h t  package may rest is at tached t o  the  center  f lange  of t he  gondola. 

A support  r i n g  and crash p ro tec to r  upon which the  

Each m a s s  spectrometer cons i s t s  of an entrance aper ture ,  d i f f e r e n t i a l l y  

cryopumped antechamber and entrance chamber, entrance s l i t ,  mass analyzer 

tube, ion  pump and e l e c t r o n  a u l t i p l i e r  de t ec to r  as shown in  Figure 2 .  Each 

of t hese  and t h e i r  funct ions are described below. 

Located a t  t h e  bottom of the  gondola are two entrance aper tures  each 

cons is t ing  of a s m a l l  ho le  (0.5 mm &a,) and sea led  by a pyrotechnic opening 

device which can b e  operated by command when the  bal loon reaches c ru i s ing  

a l t i t u d e .  Ambient gases and ions e n t e r  through each aper ture  i n t o  the  

f i r s t  of two antechambers. As shown schematically i n  Figure 2 t h e  ante- 

chambers are formed by using a t h i n  stainless steel nmhrane t o  d iv ide  a 

s p h e r i c a l  chamber i n t o  two hemispheres. Each of t he  t-m antechambers i s  

at tached v i a  a chevrm b a f f l e  t o  a cryopump. Gases enter ing  t h e  f i r s t  

a n t e c h d e r  are pumped at a s u f f i c i e n t  speed t o  reduce t h e  pressure by 5 

orders  of magnitude i n  t h a t  volume. 
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Aligned wi th  each of the  entrance aper tures  and loca ted  in the  

membrane itself are two slits (denoted by a i n  Figure 2) .  

(neu t r a l  and ion ic )  from t h e  f i r s t  antechamber pass  through t h e  

and form a beam i n  t h e  second antechamber. 

second chamber allows a reduction of t h e  pressure  in  t h a t  volume by a 

f a c t o r  of 10 . In addi t ion ,  t h e  mass analyzer of each mass spectrometer 

is pumped by an ion  pump which a l s o  serves as a pressure  monitor f o r  

t h e  system. 

Ef f luen t s  

slits 

The cryo-pmp a t tached  t o  t h e  

4 

The entrance t o  each mass spectrometer cons i s t s  of a s i n g l e  acce le ra t ing  

e l ec t rode  containing t h e  ion  o p t i c s  ob jec t  s l i t  CO i n  Fig.  2) al igned with 

one of the crslits and entrance apertures .  Each ob jec t  s l i t  and subsequent 

analyzer tube are operated a t  the  p o t e n t i a l  necessary f o r  transmission of 

the ion  beam through t h e  m a s s  spectrometer. There is no e l ec t ron  emission 

device,  such as a f i lament ,  a s  found in  a n e u t r a l  mass spectrometer because 

t h i s  instrument is designed to  only measure ambient ions.  After  passing 

through t h e  a-slit, the  ions are acce lera ted  through the  objec t  s l i t  and 

i n t o  a s i n g l e  focusing magnetic sector f i e l d  analyzer .  

t e n t i a l  is va r i ed  from approximately 200 to  830V depending on the  mass of t he  

ion  to  b e  detected.  This p o t e n t i a l  is negat ive i n  t h e  spectrometer that will 

The objec t  s l i t  PO- 

de t ec t  p o s i t i v e  ions ,  and p o s i t i v e  i n  t h e  negat ive ion analyzer.  

Each magnetic m a s s  analyzer has t h ree  output channels t h a t  cover the  

m a s s  ranges 12-48, 40-160 and UO-600 amn with a mass r e so lu t ion  (10% va l l ey  

between adjacent peaks of equal  amplitude) of 6Q on the  l m  mass channel, 

l5Q on t he  mid mass channel and 500 on t he  high mass channel. Mass peak 

i d e n t i f i c a t i o n  out  t o  600 amu will be possible .  

de t ec t  l ion/an 

periods o r  i n t e g r a t i n g  a number of per iods will improve t h e  s e n s i t i v i t y  s ince  

background counting r a t e s  are t y p i c a l l y  a few counts p e r  minute. 

S e n s i t i v i t y  is adequate t o  

Using longer 3 with a nominal accumulation per iod of 1 sec. 
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A microprocessor w i l l  con t ro l  the  operat ion of the instrument. 

Peak-to-peak stepping, r a the r  than t h e  usual  m a s s  scanning w i l l  be 

emplqed. 

broad search mode t o  determine the mass numbers of both pos i t i ve  and 

negat ive ions  and ion  clusters. 

it  w i l l  r equi re  38 minutes t o  cover the  mass range from 12-600 amu. 

I n i t i a l l y ,  f i v e  po in t s  pe r  mass peak w i l l  be  measured i n  a 

A t  a 1 second in t eg ra t ion  pe r  point ,  

By way of comparison with instruments flown previously i n  the strat- 

osphere (Arnold and Fabian, 1980, Arnold, 1980) the  instrument proposed f o r  

t h i s  study has t h e  capab i l i t y  of measuring both pos i t i ve ly  and negat ively 

charged species  i n  t h e  m a s s  range t o  600 amu ( a  f a c t o r  of 2 increase)  with 

a reso lu t ion  of 21 amu (an improvement of a f a c t o r  of 3) .  

fea tures  of both extended m a s s  range and high mass reso lu t ion  w i l l  enhance 

our a b i l i t y  t o  i d e n t i f y  t h e  highly c lus te red  ion species expected i n  the  

s t ra tosphere.  

These unique 

In conjunction with t h e  fabr ica t ion  and in t eg ra t ion  of the  f l i g h t  package 

it  is necessary t o  develop laboratory expe r t i s e  i n  the  preparat ion,  sampling 

and manipulation of usefu l  f luxes  of l a rge  cluster ions f o r  pre-f l ight  

c a l i b r a t i o n  purposes and p o s t f l i g h t  analysis  of t h e  recorded mass spec t ra .  

Based on previous experience i t  appears t h a t  through a judicious choice of 

pressure and gas composition, i t  w i l l  be poss ib le  t o  produce c lus te red  ion  

species  i n  af terglow plasmas with masses t o  approximately 150 amu. 

l a r g e r  c l u s t e r s  

i t s e l f .  

c lus te red  and f r a g i l e  spec ies  of i n t e r e s t  and col l imat ing same i n t o  d i rec ted  

f luxes usefu l  f o r  ca l ib ra t ion  of t h e  instrument. 

For 

it w i l l  be necessary t o  cool t h e  ion  source environment 

S p e c i a l  a t t e n t i o n  will be  d i rec ted  towards ex t r ac t ing  the  highly 
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Measured Branching Ratios 
In the Wavelength Range 530 to 800 A 

D. Momusou 
UnhadtyofT'at Daups Rkbdma, Tucas 7 S W  
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INTROOUC~ON 

R-t in situ rocket rr~ursurrra~au of the extreme ultravio- 
kt airglow [Chismum, 1916; Gcnriac er d., 19791 have shown 
a rich spectnam of neutral and ionic emission lines of atomic 
0 and N lying in the wavelength n&n 530 to' 1200 A. 
Amongst the prominent observed 0 II dayglow Mmsitio Iw 
fidentbd by the havy bes in F i  1) scmal M: seen to 
tennirutC on the 2P and 2P mcrasubkr states of Ihc ion and 
theraby -lo a production channel for these aero- 
namicruyimponrnt 

in tclmr of cwtributing am& process rciiabie indcpend- 
ant iafcrmation concaning the oscillator strengths and 
bnndriryratiosofthetdevant musitions u required. For the 
0 I1 tmasbas highii&U in Figure I, only crfealated values 
for these puvncten are pmently available, and the Mer- 
toccs bctareen tIw entries show0 in Table 1 can be dirr+tly 
correlated with ?he alntktiolul beme adopted. For ex- 
ample th6 majority of the Vrriues slmmamd * intheNatioaai 
BIveru of standards tables [Wcisa ct ai, 19661 wen obtained 
by XkUy [lw - a seif'nsistcnt ficid calcplaua n. How- 
ever, COaQymioa mixing effects whidl were ncgtectcd in 
this a.ppIDpcI4 am expected to be important for 292#-2s2p4 
transitions. R I ~  doa reported by Cokm d M g m o  
[1%4) shown ia Tab& 1 wen obtained using an expansion 
~thntihcludedtheeffcnsofdegeneratecontiguratlons. 
In thework reported hem the E W  s p a v a h m a  window- 

l a s d h b g e  lamp has ken aarlyndto allow determination 
of the bmnding ntias of the 4 pairs of multiplets listed in 
Table 1. The tnnsitioru studied ofigkwe from the lowest 
lying 2D aad 'P atamiC levels and tCrminnta in the metastable 
levsls. SavaaLquartet tnnsitionr t c m i m i a g  on the ground 
S U t 8 O f t I w i O l l ~ ~ S t R d i U l F ~ ~ U I i f S l C S h t h i S W X t  
e d  mdtipiet wii l  be idea- by its liRcd wavehgth 

To kilitate iumprtmtion of the observed 

EXPERIMENT DESCRIPTION 
Aschl8uc * overview of the expairncnral geometry used in 

tcdr work isshown in Fyorcs 2 A wiudowlas discfuuge lamp 
was C O M ~  via a diftbentially pumped SoCLicn to a %-in 
McPhcnon Seya-Namioka mormchmator. For exciting 0" 
vansitioas ather a hollow cathode lamp [Parewe ct ai., 19711 
ora Mcphasonca- dischge lamp was wd. The latter 
dayn was found to deiiver hgar  E W  flux& Using a 600.N 
mm gruins. a &st-order resolution of 0.5 A throughout the 
5 0 0 4  to 1500.A anvelcngth interval couid be reahti. Both a 
magnaic demon multipiier and a Cd overcoated spiralvan 
dearon mdtipjier apapted in tha SOLIltrtcd puise counting 
modo W a c  used to decccr the di?rpened radiation. output put- 
sawere fed via a muency meter and a ratemeter to either a 
strip cfrpn recorder or to an acquittion system based on an 
Appk II mhhmputcr for permanent storage and subseqpent 
d* 

Discfurges in pure 0, were struck at source prusure bc- 
twear40and150pHg~atcurrcnubttween100and500 
ma. The principal neutrai and ionic emission feanua excited 
in the waveiength region 500-800 A are identilied in.the spec- 
trogram reproduced in Figure 3. Most of the lines are doublet 
transitions terminating in the zP" and 'Do metastable states of 
the ion. _.-- - _- -- - 
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The rockct measurrmcnt of r(538/581) is very 
oltrrsaived overfay of the 0 U (538) by 0 U(539). 

. The ratio of horizanul to a- viewing of the 
emijsion feature and the wedams of the &ran* t 
at 0 W81) argues strongly tbat the 0 II(339) muitipler is 
dominvH in the dayglow spectra. 
Tbc day@ow emissious terminating on the metasta&k 0 I1 

lev& are not expected to be strongly atrected by resonance 
sgtteting bcczuw of ?he SliOItu opticai thidcacsJ of the atmo- 
s p h  This is wideat from Tablo 4, which gives valnes of a,,, 
the l i u e c m t a ~  ~wssectioll  based oa the calculated 
tnoJitian probabilities shown in T a b  1. Using the analysis 
of Torr et CL .(197q that show the Well) aud O'(zP) densities 
arc lar than about 10-2 arrd 1P of the O'(.s) dcnsity in the 
thenwsphan, and usirya typicrlmid-htitude total decvon 
conteat of 1.0 x 10" cm-' [Dmk et uf., 1975& the lLte center 
optial dcprho have barn &ked and lLtcd in Table 4. 
Them upper Iimits to the optiai  depth are very much less 
thpn uaity for the (555)/(601) and (617)/(673) pairs, and the 
O+eD) CWCCOVatiOD would have to be greatiy eahanced to 
beofaaysi@kuw however, for the (718)/(797) and (538)/ 
(581) multipieu there are situations such as during paiods of 
high s o h  activiv and in a limb viewing gecmeuy, whac 
muhipie sumring will be imprtaat to the '00 transitions. 
Pure absorptiou by 0, N,, and &-will atrta the observed 

atllpwphcric inttnsiticS espcclally now during solar maximunr 
cmdumns This is illusrated in Figure 5, where the absorp 
tion optic;rl depths in the verticai and ho&ntai am plotted 
for a rcprrscntMiva emisha, ic X = 673 k The integrated 
rbsorption coefliciart is given by p 
WW u, is the aborptiou cross seaion givea in Table 3, (lyl 
the numbs density of the absorbing species at the ref- 
a&itude A. and su& height Hfor the MIS mod& and T, - 
1376 K. Vdws  of the Chapman ftncrion (Ch) were taken 

JikYkes [1%1 for x .I 0 aud 90° appropriate for vuticai 
lodhorizontll ewinggeometrxcs. 

Thetprincipafabsorbinglpedesat673 A ismolecpiv nitro- 
gtn, )nu for some of the shorter waveiengch cdsions absorp- 
tion in atomic oxygen is doarinont at the higher altituda Par- 
ticuiar am is required for interpretation of dayglow 
mcaauffncw of r(791/718) ratio because of the large differ- 
ence in the aknptioa cross sections for these two emissions. 

CONCLUSIONS 
These measurements of the lowest of the 0 I1 PZJ) and (zPl 

branching ratios have km carried out uskg two types of 
sources d acvsriaus prc3suru aad lamp amt conditions 
and the d t s  are inseasitive to any qf these parameters. We 
thmby condude that resonance and pure absorption in the 
source region is not important and no stmng source depsn- 
dent factors are operative. 
The aymtcnt with theoretical vaiuts and daygfaar o b -  

vations is very good considering the experimental uncer- 
taintiesaad the theocrricaldiflicaltie3 in theczlcuiauon . ofthe 
transition probabilities. 

to 

- 

.. 

u, [w H C h  (x 
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- Woa 33. at 40.1 6SU 1% u 
Multiples mmr mala MDm8 mum 46Sm Avcnga 

718/796 9.1 93 10.4 9.8 t 0.6 
555/601 2 4  22 t 4  2 3 f O . l  
6 i7/6n 5.6 &I 5.0 5.6 0.5 

%a ta l  538/S81 29 27 
539/617 1 0  20 20 
834/617 5.6 '5.2 9.2 ... ... 

CwluYDhdrUp- 

28rr Bat 32at M u  %at Wat Mac Sat 
Mukipia %S= 5001~8 4 0 -  4H)ma 4%)- 1801~84Sma 3 0 0 ~ ~  Avuaga 

5SSi/601 21 21 22 1.6 22 24 2.2 2.1 %1*0.2 
617/673 5 3  5.9 s.1 5.r 4.4 s.1 41 5.5 5.4to.6 
538/S81 28 Ut 2.5 *0.4 

apnsora k i n l a i c m n s o C ~ .  
Wpir rum. 

7 1 8 # 7  9.0 10.0 9.0 10.6 10.7 8.4 10.0 9.7 20.9 



-79- 

ELECTRIC COUPLING OF THE E AND F REGIONS 

R.A. Heelis 

Since the  renewed i n t e r e s t  i n  the  e f f e c t s  of electrical coupling between 

the  E and F regions (Fejer e t  al.,  1979) we have successful ly  implemented the  

computational techniques employed by H e e l i s  et  a l .  (1974) t o  model these 

e f f e c t s  on t he  UTD Space Sciences computer. Computations are ca r r i ed  out i n  

two phases. 

t he  E-region is obtained using a model f o r  t he  E region conductivity d i s t r ibu -  

t i o n  and f o r  t h e  dynamo n e u t r a l  wind f i e l d .  

is assumed t o  be a t h i n  

proportioned t o  t h e  ion concentration i n  the  s l a b ,  which is shown i n  Figure 1. 

The v a r i a t i o n  of conductivity with l a t i t u d e  i s  assumed t o  change l i k e  the  

cosine of t h e  s o l a r  zeni th  angle. The s o l a r  d iu rna l  t i d a l  wind is  thought 

t o  be t h e  dominant wind f i e l d  producing t h e  equa to r i a l  Sq current  system 

(Tarpley, 1970) and the  e l e c t r o s t a t i c  p o t e n t i a l  obtained from t h i s  wind system 

is shown i n  Figure 2. 

f i e l d  l i n e s  i n t o  the  F-region where t h e  second phase of t he  calculat ions are 

implemented. 

F i r s t  a so lu t ion  f o r  t h e  e l e c t r o s t a t i c  p o t e n t i a l  d i s t r i b u t i o n  i n  

In  these calculat ions the  E-region 

s l a b  and t h e  d iu rna l  v a r i a t i o n  of conductivity is 

This p o t e n t i a l  d i s t r i b u t i o n  is mapped along t h e  magnetic 

W e  f i r s t  ca l cu la t e  t h e  vertical d r i f t  and the  east-west d r i f t  

of t h e  plasma i n  response t o  t he  applied electric f i e l d .  

culat ions are shown i n  Figure 3 .  

semi-diurnal t i d e  i s  included i n  t h e  E-region. 

t o  those obtained by H e e l i s  et  a l .  (1974) and w e  now plan t o  pursue two new 

d i r ec t ions  while assembling t h e  da t a  f o r  publication. 

Results of these cal- 

Also shown are similar r e s u l t s  when a s o l a r  

These r e s u l t s  are very s i m i l a r  

F i r s t ,  w e  plan t o  determine t h e  e f f e c t s  of changing t h e  d iu rna l  v a r i a t i o n  of 

t h e  E-region conductivity.  

d r i f t v e l o c i t y o c c u r s  a b o u t 2 o r  3 hours before t h a t  observed by ground based radar  

I f  it i s  evident t h a t  the reversal i n  the  F-region 
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It appears  prudent therefore  t o  inves t iga t e  the  e f f e c t s  of extending the  

daytime E-region ion  concentrations a l i t t l e  beyond 18:OO hours. 

w e  plan t o  inves t iga t e  the  e f f e c t s  of F-region neutral  wind f i e l d s  and t h e i r  

phase with respect  t o  the  E-region conductivity.  

about the mechanism tha t  produces enhanced upward v e l o c i t i e s  near 18:OO hours 

from t h i s  study. 

Secondly 

W e  expect t o  learn more 

References: 

Fejer ,  B.G., D.T. Far ley,  R.F. Woodman and C. Calderon, Dependence of Equatorial  
F-Region Ver t ica l  D r i f t s  on Sensor and Solar  Cycle, J. Geophys.=.,E, 
5792, 1979. 

Heelis, R.A., P.C. Kendall, R.J .  Moffett ,  D.W. Windle and H. Rishbeth, Electrical 
Coupling of t he  E and F Regions and i t s  Effec ts  on F Region D r i f t s  and Winds, 
Planet.  Space S c i . ,  22, 743, 1974. 

Tarpley, J . D . ,  The Ionospheric Wind Dynamo, 2,  Solar Tides, Planet ,  Space Sc i . ,  
18, 1091, 1970. - 



-84- 

SPACE SCIENCE COMPUTATIONAL ASSISTANCE 

R.C. Chaney 

The PDP 11/45 continues t o  provide s i g n i f i c a n t  support t o  the computational 

D r .  aspects of t h e  space science research a t  The University of Texas a t  Dallas. 

Hoffman continues t o  use the  machine f o r  amilysis of ds”a  from the  ion mass 

spectrometer on t h e  ISIS-2 satell i te.  D r .  Klunpar eonti--ies t o  use the  machine 

f o r  ISIS sounding rocket  da t a  ana lys i s  and p lo t t ing .  D r .  Beelis is using the 

11/45 f o r  th ree  separate a c t i v i t i e s :  1)  The st i y  of the  e l e c t r i c a l  coupling 

i n  the  E and F regions of t he  ionosphere; 2)  The development of a model of t he  

ionospheric convection pa t t e rn  i n  terms of ana ly t i ca l  functions and; 3 )  Limited 

i n t e r a c t i v e  da t a  ana lys i s  from t h e  Dynamics Explorer mission. D r .  Coley is 

using the  machine f o r  reduction and ana lys i s  of Atmospheric Explorer-C magneto- 

meter da ta  f o r  the purpose of de tec t ion  of f i e l d  aligned cur ren ts  i n  the  upper 

atmosphere a t  high l a t i t u d e s .  

modeling of the  atomic hydrogen d i s t r i b u t i o n  i n  the  terrestrial exosphere using 

Monte-Carlo techniques. Data ana lys i s  f o r  t he  San Marco Ion Velocity Instrument, 

b u i l t  here  a t  The University of Texas  a t  Dallas w i l l  be done on the  PDP 11/45. 

W e  have a computer l i n k  between the  PDP 11/45 and the PDP 11/23 f o r  t r ans fe r s  

of Dynamics Explorer da t a  between the  two machines. The machine continues t o  

be a cos t  e f f ec t ive ,  convenient and r e l i a b l e  t o o l  fo r  computational work i n  

space sciences.  

D r .  Rohrbaugh is  using the  machine t o  perform 
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SPACE SCIENCE SEMINAR PROGRAM 

J.P. McClure 

The seminar series has remained an  important p a r t  of t h e  Space Science 

program a t  The University of Texas a t  Dallas. The facul ty ,  s tudents ,  and 

s t a f f  regular ly  present  seminars on t h e i r  s p e c i a l t i e s ,  and i n  addi t ion  w e  

i n v i t e  outs ide speakers t o  present seminars on spec ia l  topics .  These 

speakers are usual ly  leading atmospheric o r  magnetospheric s c i e n t i s t s  and/or 

col laborators  with us  on var ious s c i e n t i f i c  pro jec ts .  W e  f ind tha t  having 

these visitars i n  Dallas is very s t imulat ing and productive. 

The following seminars and l ec tu re s  w e r e  presented during t h i s  

repor t ing  period. 

D r .  W i l l i a m  Knudsen, Lockheed Palo Alto Research Laboratory, "The 
Ionosphere of Venus", October 22, 1980. 

D r .  Chris Gaertz, University of Iowa, "Parallel Electric F ie lds  and 
Alfven Waves", October 27, 1980. 

D r .  Thomas Donahue, University of Michigan, "Volati les i n  the Atmosphere 
of Venus and t h e i r  Implications for  t he  Origins of t he  Terrestrial 
Planets", October 30 , 1980. 

DT. Colin Hines, University of Toronto, "Atmospheric Gravity Waves", 
November 3 , 1980. 

D r .  A.J.  Dessler, R i c e  University,  "Jupi ter  as a Pulsar:  The Magnetic 
Anomaly Model", December 2 ,  1980. 

D r .  J .  Pa$rick Lestrade, Texas A & M University,  '*Light Sca t te r ing  i n  
Planetary Atmospheres", December 5 , 1980. 

D r .  Sandy Murphree, University of Calgary, "Two Dimensional Imaging of 
the  Aurora: The Importance of In te rpre t ing  Observations from the  
Magnetospheric Point of View",  December 16, 1980. 

D r .  Eldon Ferguson, Aeronomy Laboratory - N O M ,  "Stratospheric Ion 
Chemistry", March 6, 1981. 
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Dr. Larry Lyons, NOAA, "Auroral Electrodynamics", February 18, 1981. 

Dr. Konrad Mauersberger, University of Minnesota, "The Neutral 
Atmosphere Between 20 and 40 km", April 24, 1981. 

Dr. Wesley T. Huntress, Jet Propulsion Labs, Pasadena, California, 
"Upper Atmospheric Research Programs at JPL", May 6, 1981. 
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V I S I T I N G  SCIENTIST PROGRAM 

W.B. Hanson 

Considerable s c i e n t i f i c  progress, cross  f e r t i l i z a t i o n  and a broadening 

of our science base a t  UTI) has been rea l ized  t h i s  year  from v is i t s  by two 

s c i e n t i s t s  from outs ide  i n s t i t u t i o n s .  

D r .  L.R. Lyons from the  National Oceanographic and Atmospheric Adminis- 

t r a t i o n  i n  Boulder, Colorado w a s  ab le  t o  v i s i t  UTD i n  the  pas t  six months 

t o  discuss  some aspects  of ionosphere-magnetosphere coupling of mutual 

i n t e r e s t .  A t  UTD w e  have begun development of an ana ly t i ca l  model t h a t  

describes the  convective flow of plasma i n  the  F-region. 

t o  make t h i s  model, based on an e l e c t r o s t a t i c  po ten t i a l  d i s t r ibu t ion ,  as 

real is t ic  as possible.  

pa t t e rn  of f i e l d  aligned currents  and aurora l  a rcs .  

developed a model t h a t  se l f -cons is ten t ly  ca lcu la tes  t he  f i e l d  aligned 

currents  and aurora l  a r c  s t r u c t u r e  from a given magnetospheric po ten t i a l  

d i s t r ibu t ion .  The exchange of ideas  and information tha t  took place re- 

garding our research objec t ives  w a s  extremely valuable.  W e  w e r e  ab le  t o  

acquire the  appropriate  computer code f o r  D r .  Lyons' model and anticipate 

fu r the r  use and fu tu re  in t e rac t ion  with him i n  t h i s  area. 

W e  are attempting 

That is  w e  wish t o  be ab le  t o  reproduce a realistic 

D r .  Lyons has recent ly  

D r .  Sandy Murphree of t he  University of Calgary consulted with members 

of t h e  Center s c i e n t i f i c  s t a f f  from the  15th t o  t h e  19th of December, 1980. 

D r .  Murphree's area of exper t i se ,  t he  o p t i c a l  imaging of the  aurora l  oval  

from space, is  highly complementary t o  our own research e f f o r t s  t h a t  concen- 

trate on the  electrodynamic coupling and the charged par t ic le  input t o  the  

aurora l  regions.  During h i s  v i s i t ,  D r .  Murphree brought t o  UTD the  complete 
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set of au ro ra l  images i n  55778 and 39148 taken during the  operat ion of t h e  

ISIS-2 satel l i te .  In tens ive  review and discussion of t h i s  l a r g e  da t a  set 

during h i s  v i s i t  provided fu r the r  i n s igh t  f o r  our aurora l  oval s tud ie s  and 

stimulated co l labora t ive  work on t h e  p a r t i c l e  acce lera t ion  processes during 

substorms. During h i s  v i s i t  D r .  Murphree a l so  presented a seminar e n t i t l e d ,  

Two-Dimensional Imaging of t h e  Aurora: The Importance of In te rpre t ing  

Observations from the  Magnetospheric Point of View". 
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WAVE INSTABILITIES I N  INHOMOGENEOUS PLASMAS 

B.L. Cragin 

The extension t o  three  dimensions of t h e  one-dimensional ca lcu la t ions  

described i n  our l a s t  Semi-Annual repor t  has been completed, and considerable 

progress has been made i n  t h e  physical i n t e rp re t a t ion  of these r e s u l t s .  It 

is now believed t h a t  a qu i t e  convincing case can be made t h a t  a descr ip t ion  

of nonlinear Landau damping i n  terms of the  global  normal mddes of t he  plasma 

does indeed remain meaningful even i f  t he  s p a t i a l  extent  of these modes (or  

the  plasma inhomogeneity scale length) is l a rge  compared with the  d is tance  

t h a t  a packet of e lec t ron  plasma waves can travel i n  a typ ica l  nonlinear 

i n t e rac t ion  t i m e  scale. 

One of the  c e n t r a l  questions a t  i ssue ,  of course, w a s  t he  in te rp lay  

between l o c a l  and global  concepts i n  plasma turbulence theory. Somewhat 

s i m i l a r  considerations have been t h e  source of much debate i n  the  f i e l d  of 

quantum mechanics. Thus it is perhaps not too surpr i s ing  t h a t  t he  quantum- 

mechanical i n t e rp re t a t ion  of nonlinear Landau damping - a viewpoint pioneered 

by Tsytovich, Goldman and Dubois, Hasegawa and o thers  - turned out  t o  be of 

i n t e r e s t  i n  t h i s  context.  

One of t h e  most s ign i f i can t  po in ts  t o  come out  of t h i s  work concerns the  

re la t ionship  between the  classical normal modes of t he  plasma wave f i e l d  and 

the quantum-mechanical s t a t iona ry  states of the  f i e l d  quanta. These quanta, 

known as plasmons, correspond to  t h e  longi tudal  (zero-spin) state of t he  

photon. 

i s t i c  range of the  plasmon propogator, as i n  quantum f i e l d  theory, o r  ( i n  the  

WKB l i m i t )  from t h e  i n e r t i a l  mass of a loca l ized  single-plasmon wave packet. 

The e f f e c t i v e  mass of a plasmon can be calculated from the  character-  
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The f a c t  t h a t  plasmons have in teger  sp in  and are hence bosons implies t h a t  

an a r b i t r a r i l y  l a rge  number of them can occupy the  same quantum-mechanical 

state. 

pondence is  found between the  classical normal modes and t h e  quantum wave 

functions of the  underlying s t a t iona ry  states. In t h e  quantum-mechanical 

treatment of nonlinear Landau damping, the  process is  viewed as r e su l t i ng  

from induced t r a n s i t i o n s  between states of d i f f e r i n g  momentum and energy. 

Thus, t he  coupling coe f f i c i en t s  between modes i n  the  classical global- 

i n t e rac t ion  descr ip t ion  can be given a new, e s s e n t i a l l y  quantal ,  in terpre-  

t a t i o n  i n  terms of the  induced t r a n s i t i o n  probabi l i ty  p e r  unit  t i m e .  

In t h e  classical l i m i t  of l a r g e  "occupation numbers" a c lose  corres- 

The f a c t  t h a t  classical ca lcu la t ions  of t h i s  kind sometimes tu rn  out  

t o  give quantum-mechanically cor rec t  r e s u l t s  is of course nothing new, since 

o ther  examples of t h i s  have been found ( the  free-electron laser is an example). 

What does s e e m  t o  be new is the  r e a l i z a t i o n  t h a t  when t h i s  occurs i n  problems 

involving f i n i t e  boundaries o r  s p a t i a l  inhomogeneity, so t h a t  t he  c l a s s i c a l  

normal modes of the  system (and a l so  the  quantum eigenstates)  are no longer 

of t h e  plane-wave form, a paradox s e e m s  t o  arise concerning the  rate a t  

which energy o r  information is  transmitted through space. In t h i s  way w e  

have been ab le  t o  show t h a t  the  paradox t h a t  o r ig ina l ly  motivated t h i s  inves- 

t i g a t i o n  is ,  i n  f a c t ,  r a the r  c lose ly  r e l a t ed  t o  t h e  famous EPR (Einstein- 

Pololsky-Rosen) paradox of quantum theory. The r e s u l t s  of recent  laboratory 

experiments tend t o  support t he  v i e w  t h a t  i t  i s  s a f e s t  t o  take a global  point  

of v i e w  from t h e  start and not t o  be too dis turbed about the  apparent break- 

down of the  l o c a l i t y  suggested by causal  considerations.  


